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Humanized C-erbB-2 specific antibodies 

Reld of the Invention 

The preset invention related to the field of molecular biology in general, 
and the field of chimeric immunoglobulins in particular. 

5 Background 

Hie present invention relates to altered immunoglobulin molecules in which 
at least part of the complementarity detennining regions in the light or heavy chain 
variable domains have been replaced by analogous complementarity determining 
region(s) from a murine antibody specific for c-eibB-2. 

10 The c-erfv-2 (HER-2) oncogene may be expressed in human breast 

carcinoma cells but is either not p^ressed, or e3q)ressed at much lower levels, in 
non-cancerous cells. It is thus of interest to provide antibodies specific for the erfa 
encoded protein. Antibodies specific for this protein may be used to assay for the 
presence of cells e)q>ressing the gib encoded protein, or may be ^lied to patients 

15 so as to specificaDy bind to carcinoma cells either for diagnostic, imaging or 
thK:q)eutic purposes. 

It is of interest to produce monoclonal antibodies specific for antigens that 
are ej^ressed in much higher amounts in mmors, such as erfe. Monoclonal 
antibodies have numerous advantages over polyclonal antibody preparations to Uie 

20 same antigen. These advantages inchide higher q)ecificity and the ability to 
rq)roducibly generate large quantities of the antibody of interest. Since most 
monoclonal antibodies arc of murine or non-human origin, their administration 
into human patients is a significant probten. Introduction of non-human 
antibodies into human patients may have a variety of adverse effects. Such 

25 adverse effects inchide the development of an antibody response directed to many 
portions of the administered monoclonal antibody, such as HAMA (human anti- 
mouse antibody). Additionally, the antibody may fail to interact with other 
portions of the human inunune system, e.g., a murine antibody Fc region may not 
interaa witfi human Fc receptors, thus resulting in the absence of the desired 
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immune xesponse ta cells displaying the antigm of interest, or may feil to activate 
conq)lement Attempts to produce human monoclonal antibodies specific for 
antigens of intaest have proven to be difficult for several reasons, inchiding the 
lack of good fusion paitnras for human cells,^ ^cal problrans associated with 
5 immimizmg human patients to obtain lymphocytes, as well as difficulty in 

obtaimng human lymphocgfc donors. Because of the diffioilties as^cnriativt with 
obtainmg human antibodies ^>ecific for the desired antigoi, it is of interest to 
provide for "humanized" murine antibody qpedfic for the antigen, Le., an 
antibody that contains primarily human amino acid sequoices and some of the 
10 variable r^on sequoice of a convoitional murine antibody ^iiic for the desired 
antigm. ' 

HumaniT ed antibodies (or more genially, hnmaniw-^f iinmnnoglt^ulins) 
have at least three potential advantages over murine antibodies for use in human 
tfaei^y. 

^5 Because die constant r^on poition is human, a hnmaniy^ antibody may 

interact better with odier parts of die human immune syst«n (e.g., destroy the 
target cells more effidenfly by complement dependant cytotoxicity or antibody- 
dqiendott cellular ototoxicity). 

The human immune syston ^ould not recognize the humanized portions of 

20 the humanized immunoglobulin as foreign, and therefore the immune response 
against an injected hnniam7frf immunoglobulin should be less dian die immune 
response against an injected totally murine immunoglobulin. . 

Iqected murine antibodies have hem reported to have a half-life in the 
human drcolation much shorter than die half-life of human antibodies (Shaw, ^ 

25 §1.. h Immwl. 138:4534^538 (1987)). It is possible diat injected humanized 
immunoglobnlms wiH have a half life more like tiiat of human immunoglobulins, 
tinis allowing smaller and less fiequent doses of tiierapeutic immunoglobulins to be 
adminisfered to die body widi die same or b^ter outcome. 

Numerous attempts have been made to drcumvent die problems associated 

• 0 widi administering non-human monoclonal antibodies to humans by modifying 
non-human antibodies so as to replace non-human sequences widi amino acid 
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sequMce derived from human antibodies. Several publications, patents and patent 
applications disclose humanized antibodies and m^ods.for their pitxiuction by 
recombinant DNA technology. See for example, European Patent Application 
EPA-0-239-400, Recombinant Antibodies and Methods for Their Production; PCT 
5 AppUcation WO89/09622, JLr2 Receptor-Specific Chimeric Antibodies; European 
Patent plication EPA 0-338-745, M^od for Producing Recombinant DNA 
Proteins; and European Patent Application EPA 0-332-424, Chimeric Antibodies 
Directed Against Human Cardnomibryonic Antigen. Typically, murine 
monoclonal antibodies are raised against an antigen of interest, the 
1 0 immunoglobulin genes oicoding the antibody of interest are then extracted from 
the hybridoma genome, sequenced, and genetically manipulated so as to replace 
non-human constant region sequences with human constant region sequences. 
Such •chimeric" antibodies contain murine variable regions and human constant 
regions. 

1 5 Although others, e.g. , Winter in EPA-0-239-400, have replaced human 

hypervariable sequmces with murine hypermiable sequence specific for an 
antigen of interest in order to obtain humanized "hyperehim^c** antibodies 
spociRc for an antigen, such teadiings provide no e3q)ectation of success for 
attraipts to produce humanized antibodies (or derivatives thereof) specific for c- 

20 erbB-2 or any other givra antigen. Antigra combining sites have complex 3- 
dimensional structures that are in part depradant on the primary amino acid 
sequence of the variable region of inununoglobulms. The general procedure and 
concerns associated with producing humanized, chimmc and hypercfaimeric 
antibodies can be found in Antibodv Engineering , edited by Borrd>ack, W. H. 

25 Freeman and Co. Publishers. Thus changing several amino adds within the 
variable region of an inununoglobulin would not be eq^ected to have an 
predictable effect on the structure (and consequ^y on antigen binding properties) 
of the variable region. 
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giy^tna^ f Invention 
The subject invraition provides for humanized immunoglobulin molecules 
(and derivatives thereoQ spedfic for c-erbB-2« Nucleic add sequraces ^coding 
these immunoglobulins, and cdls for the expression of the humanized 
immunoglobulins axe also provided for* 

The subject invention also provides for methods of using the humanized 
immunoglobulins to diagnose and treat canc^. Cells for the production of 
humanized c-ertH2 immmiogtobulins and in vitro synthesis methods for these 
immunoglobulins are also taught. 

l|0 Description of Figures 

Figure 1 provides the nucleotide sequence (total 1554 base pairs) ^coding 
a humanized anti-erbB2 spedfic Fab fragment (SEQ ID:No. 1) derived from the 
hypervariable regions (also referred to as complemrataritsr d^nnining regions, of 
abbreviated (ZDR] of murine anti-c-«bB-2 monodonal antibody 520C9. The 
humanized light and heavy chains of the Fab fragment have been modified to 
contain an ^2!i pboA Jeadv sequence. A plasmid comprising the imcleotide 
sequence of Figure 1 is piLWI87. The R coli strain containing pLWI87 is 
referred to as TLW170-1 in this plication. 

The sequence of Figure 1 (^BQ ID:No. 1) may be divided into the 
20 following subsequences: 

IrUSbp phoA promoter and leader; 
^ 144-779bp Fiiinanfyfd Heavy CSiain; 

144-23SFR1 (human parent TSYC 1147-28); 
234-248 CDRl (mouse 520C9); 
25 249-290 FE2 (human patent TSYC 1147-28); 

291-342 CDR2 (mouse 520C9); 
343-437 FR3 (human pairat TSYC 1147-28); 
438-455 Ca>R3 (mouse 520C9); 
456^88 ER4 (human parent TSYC 1147-28); 
30 489-779 Human Heavy Chain Constant Region 
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780-821KT3 tag; 
822-893bp pboA leader. 
894-1538bp Humanized light Chain; 

894-966 FRl (human parent TSYC 1150-38); 

967-998 CDRl (mouse 520C9); 

999-1043 FR2 (human paicnt TSYC 1150-38); 

1044-1064 CDI12 (mouse 520C9); 

1065-1160 FR3 (human parent TSYC 1150-38); 

1161-1187 CDR3 (mouse 520C9); 

1188-1220 FR4 (human parent TSYC 1150-38); 

1221-1538 Human Light Chain Constant R^on; 

1539-1554 Cloning Sites; 



Hgure 2 represoits a geneiail schone for humanizing murine monoclonal 
antibodies by ovolapping PGR. 
IS Figure 3 rq>resaits tbc sdione and PCR piimers used to produce a 

humanized heavy chain immunc^obulin. 

Figure 4 Tq)resents the scheme and PCR primers used to produce a 
humanized light diain immunoglobulin. 

Figure 5 rqntsents the scheme used to introduce a phoA leader sequmce 
and promoter sequence in front of a humanized immunoglcAnUin. 

Figure 6 Tcpieseats die sch«ne used to correct an unintentional sequence 
error made during the production of a humanirf^ ligfat chain derived 
immunoglobidin made according the schone described in Figure 4. 

Ei^ piimos and four templates are used in three round of overiapping 
25 PCR. LWOl is the primer specifically designed for anqiliiying the 5' aid of the 
phoA sequence. LW16 and LW17 is a set of complementary junction piimeis 
whidi sit at the end of the phoA leader and the b^inning of the coding sequraice 
in FRl. Hie template pSYC1087 contains the phoA promter and, when used with 
primers LWOl and LW17, will yield a fragment (1) containing a 5' Hindm site 
and a 3' ^d bearing sequence for the beginning of FRl. CLC27 is a primer 



20 



30 



93/21319 



PCr/US93/03080 



. 6 

whidi anneals to the rad of FR2 and paitof CDR2. PCRusing LW16r and 
CIjC27, with the template "08-11" will lesult in a product (H) containing correct * 
FRl, CDRl, FB2 and CDR2. Complraientarity of LW16 and LW17 allow 
annealing of fragments I and H in a second round of PCR, producing fragment 
5 (V). 

CLC26 is & prim^ which contains CDRl and partial FR2 sequence but 
does not reach amino add #43. CLC29 is complementary to CLC30 and anneals 
to FR4 as well as the beginning of the hmnan light chain constaot region. PCR 
with CLC26 and CLC29, using template "SS-IS" yields a product (UI) containing 

] 0 conect CDRI, inconect FR-2 containing alanine at amino acid #43, and correct 
CDS2, PR3, CDR3^ and FR4. Since "38-18^ has an mcorrect constant region, 
"SZ-IT is used as tenq)late for primer 0X30 and LW20. This fourth PCR 
product ((V) contains conect CDKB, FR4» and human light chain constant region. 
Conq^lementari^ of CLC29 and dLC30 at CDR3 allow fragments m and IV to 

: 5 anneal for tiie second round of ov^hq) PCR, producing fragment VI. 

PCR fiagmfflts V and VI are complementary at framework 2 except at 
amino add residue #43, where in fragment V the residue is threonine (ACQ and 
where in fragment VI, the residue is alanine (GCC). Annealing of these two 
fragments during the final round of PCR will yield products which due to the 

20 differing nature of its templates, will bear amino add alanine or threonine at 
residue 43. 

Description of Speqfic Em^w^imgnK 

A. Defimtions 

An inimunoglobulin molecute may be divided into several regions. An 

25 immunoglobulin molecule may comprise one or more polypeptide diains, i.e. a 
multi-polypeptide hnmunoglobnlin. IgG, for exanq>K consists of 2 heavy (H) 
chains and 2 light (L) chams. An immunoglobulin chain typically comprises 
variable regions and constant regions; the H diain of IgG contains one variable 
region and one constant region, each constant region has a different sequence, and 

30 the (L) chain has one variable and one constant region. The constant region of an 
H diain can be furth^ subdivided into 3 domains, p2idh of which forms a sqmrate 
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compact tightly folded 3 dimrasional unit. The L and H variable regions are 
similariy folded into separate compact units. The vaiiable region of an 
inununoglobulin chain (H and L) may be further divided into three hypervariable 
regions (also called complraientarity determining regions, abbreviated CDR) and 
four framework regions (abbreviated FR). Tlie framework regions separate the 
hypenrariable regions from each other in the linear amino acid sequrace. 
Compared to the hypervariable or CDR regions, the framework r^ons comprise 
amino acids that do not vary as much between immunoglobulins pnxhiced by the 
same organism and are reasonably fixed in 3-dimensional space. Framework 
region amino adds sequences may exhibit more variation within an organism than 
constant region amino add sequences. Hypervariable regions, on the other hand, 
vary to a much greater extent between individual immunoglobulin molecules 
produced by the same organism, and arc less well fbced in 3-dimensional space. 
The hyp^variable regions are believed to form a major part of the antigen bindmg 
15 site of an antibody. The iftamewoik regions of the immunoglobulins are believed 
to fonn two opposing beta-pleated sheets, which are the basic stmctural element of 
the domain. These strands of the b^ she^ are connected by loops of polypeptide 
chain which are thought to contain the hypervariable regions of the variable region 
of an inmiunoglobulin. Interactions between certain framework and CDR residues 
20 may influaice the folding of the protein, particulariy the hypervariable loops, and 
affect the ability of the antigen binding site to recognize antigen. 

Constant regions of an immunoglobulin are located distal or C-terminal to 
the variable region. Constant regions may be of a light diain dass induding 
kappa, and lamlxla chain constant regions (and tfie various subclasses thereof), or 
25 may be of a heavy diain dass indudmg the heavy chain constant regions of IgG, 
IgM, IgA, IgD, and IgE antibodies (and the varicHis subclasses thereof). 

"Operably joined** refers to a juxtaposition sudi that normal function of the 
components can be performed. Thus, a coding sequence "operably joined" to 
expression control sequences refers to a configuration wherem the coding 
3p sequMces can be «q)res$ed under the control of these sequences. Such control 
may be direct, that is, a single gene associated with a single promoter, or indirect, 
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as in the case where a polydstiomc tiaiisciq}! is e3q>iessed from a single promoter. 

"Control sequrace" and "e)quei^on control sequrace" refer to a DNA 
sequ^ice or sequences necessary for the e)qyiesdpn or regulation (transcrq^tional 
or translational) of an opetably joined coding sequence in aparticular host 

!> oigamsm. The control sequences^ that are suitable for piocaryotes^ for example, 
include a promoter^ optionally an opmtor sequence, a ribosome binding site, a 
transcrqition terminator^ and possible other as yet poorly und^stood sequences. 
Eucaiyotic cells are known to utilize control sequences, which include promoters, 
polyadenylation signals, enhancers, silracers, and the like. 

1 3 The term "functional pair" when used with tcSexace to variable regions 

(humanized or oAerwise) intrads a set of 2 variable regions (one derived from the 
L chain and one from the H chain) that form art antigra combining site in an 
antibody. Fun(^onaI pairs of variable regions specific for an antigen of interest 
may be found in the variable r^on from the heavy chain and the variable region 

IS fiomtheUghtdiainof an antibody specific for the antigra^^ Examples 
of functional pairs of variable regions inchide the polypeptides oicoded by 
nucleotides 144^8 and nucleotides 894-1220 of Figure I (SEQ ID:N01). 

The term "functional proximity" whra used with r^inence to variable 
regions (humanized or otherwise) intends that the functional pair of L and H 

2 0 variable regions be spatially located with respect to each other so as to form an 
andgen combining dte. 

Tlie tmns "heavy chain-derived" and "light diain-d^ived" when qiplied 
to immunoglobulins of the subject invention indicate that the variable region 
hypervariable sequences in the spedfied polyp^tiide are present on either the 

: 5 heavy chain or the Ugbt chain, respectively, of die antibody fibm which the 
hypervariable sequences of intexest were originally discovered. 

Tlie term "humanized" bs applied to immunoglobulins intmds that at least a 
portion of the framework regions of an immunoglobulin are doived from human 
immunoglobulin sequences . 

:iO When sequences are said to be "human", all huxnan alleles for the given 

sequence, in addition to the sequ^ice specifically exffliplified, are included. 



wo 93/21319 



PCr/US93/03080 



Moreover, the subject invention contemplates that minor amino add sequence 
dianges, including substitutions, deletions, and inseitions, typically in the range of 
about 1 to S amino adds, may be made to humanized immunoglobulins specific 
for c-^B-2 without significantly alteting the binding specificity of the 
immunoglobulin. 

When a functional pair of variable regions are "specific" for a given 
antigen (or h^yten), the antigen combining site formed by the functional pair is 
capable of binding to the antigen (or hapten) of interest more stnmgly than to 
randomly selected molecules. 

1) B. General Description 

The subject invention provides for immunoglobulin molecules with variable 
regions comprising the hypervariable regions of the anti-c-ert>B-2 specific 
antibodies (in particular the murine monodonal antibody S20C9), human 
framewoiic regions, and human constant region sequences. In addition to 
1^ providing for humanized c-eibB-2-specific immunoglobulin molecules, the subject 
invention also includes nucleic add sequences encoding the humanized 
immunoglobulins, as well as cell host syst^s for the expression of humanized 
immunoglobulins. 

Humanized immunoglobulins specific for antigens of int^est may be 
2 } obtained by prqiaring non-human, preferably murine, monoclonal antibodies 
against an antigen of interest, detmnining the amino add sequence of the non- 
human antibody, preferably by isolating (by any of a variety of well known gene 
isolation techniques, induding PGR) and sequencing cDNA sequences encoding 
the chains of the non-human monoclonal antibody of interest. The amino add 
25 sequrace of the hyp^variable regions of the non-human monoclonal antibody may 
then be compared with canonical framework region sequences and hypervariable 
region amino add sequraces of human immunoglobulin variable regions so as to 
determine which amino acids must be changed to humanize the non-human 
sequrace. Guidance for selecting the fiameworic sequences and hypervariable 
30 sequences within the variable region of an inununoglobulin can be found in several 
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publications, including the article by Chothia, et aL Nature 342:878-879 (1989) 
and the book Antibody Bigineering: A Practical Guide . Bonebaedc ed., W. H. 
Fre^nan and Co. publisher. By determining which sequences in the non-human 
immunoglobulin gene specific for the antig^ of int^est constitute ftamewoik 
5 regions and whidi constitute hypervaiiable regions, it becomes possible to 

^tbesize a variety of hiimanirfid immunoglobulins having an antigra spedficity 
similar to that of the non-human immunoglobulinthal serves as the information 
source for the sequence regions. 

Humanized variable regions spedfic for c-erhB-2 may be joined to a human 
10 constant region(s), or portions thereof. Joining of a humanized variable region to 
a constant region gives rise to a polypeptide in which the amino-terminal portion 
comprises the humanized variable region and the carfooxyl^t^minal portion 
comprises human constant region sequence. Such constructs may be referred to as 
"hyperchimeric". Humanized light chain-derived variable regions may be 
S operably joined to light chain constant re^ons so as to form fimctional 
inmiunoglobulin chains. SimHaily, humanized heavy diain-derwed variable 
regions may be operably joined to heavy chain constant regions so as to form 
func^nal immunoglobulin molecules. In a preferred onbodiments of the 
invaition humanized light chain-derived variable region is op^abiy joined to 
10 human light chain constant region, and humanized heavy chain-derived variable 
region is operably joined to a human heavy chain constant region(s). 

In addition to providing for humanized immunoglobulins specific for c- 
^bB-2, the subject inv^ition also provides for various polypqitides (and 
corresponding nucleic add sequra'ces) comprising portions of (>erbB-Z spedfic 
: 15 humanized immunoglobulins, in particular the variable region portion of tiie 
humanized immuno^obulin. Furthermore, the subject mvention provides for 
various derivatives of c-erbB-2 specific inununoglobulin chains that comprise 
additional polypeptide sequ»ces. These additional polypqrtide sequ^ices may 
have any of a varied of functions induding, en^mes, toxins, antig^c tagging 
30 sequraces, and the like. 

Many modifications and variations of h^^m^yi?^ variable region sequences 
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within tht pTtsesat demonstrative nucleic acid sequence of Figure 1 (SEQ ID: NO 
1) are possible. For example, the d^eneiacy of the graetic code allows for the 
substitution of nucleotides (which can be used or optimized in accordance with 
codon usage patterns for expression in various host cells) throughout the 
S polypeptide coding regions, as well as for the substitution of the tianslational stop 
signal specifically exemplified. Such sequraces can be deduced from the known 
amino acid or DNA sequence of the S20C9 antibody chains (and the constant 
regions or antibodies of different classes) and can be constructed by conventional 
synthetic procedures. Such synthetic methods can be carried out in substantial 

10 accordance with the procedures of Itakura, Q_al., 1977 Science 198:1056, Crea, 
Proc. Nat. Acad. Sci. USA 75:5765 (1978). In addition, synthetic genes 
(and fragments thereof) and linkers can be synthesized either by using a Systec 
1450a DNA synthesizer (Systec, Inc., 3816 Chandler Drive, Minne2qx)lis, 
Minnesota) or an Applied Biosystems 380a DNA synthesizer (>^lied Biosystems, 

15 Inc. 850 lincohi Center Drive, Foster City, California 94404). Many other DNA 
synthesizing instruments are known in the art and can be used to make synthetic 
DNA fragments. Therefore, the present invention is no way limited to the DNA 
sequences spedfically exCTiplified. 

A preferred method of synthesizing nucleic acid sequences ^coding 

20 humanized immunoglobulins is by means of overlying PCR. The technique of 
overlapping PCR is described in the article by Horton, ^ al, Gene 77:61-68 
(1989) and in U.S. Patent No. 5,023,171. The technique of overlapping PCR may 
be used to produce a humanized immunoglobulin by performing nvftriapping pCR 
on cDNA sequence from a human immunoglobulin gene with the s^rcqniate 

25 oligonucleotide primers. 

In brief, the technique of PCR q)licing by overlap extrasion is as follows. 
PCR oligonucleotide primer pairs are prepared. Each oligoruicleotide primer 
comprises essmtially two regions, a 5' region containing either sequraces 
encoding a restriction mdonuclease recognition site or a portion of 

30 complementarity determining r^on (CDR) from a non-htmiian immunoglobulin 
gene of interest, and a 3' region complementary to a frameworic region adjacent to 
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tb& complrairatarity detmninuig xegion to which the 5* portion of the piimer is 
complem^taiy , Sets of such PCR piimers are prepared for each fianiewoik 
region of the human immunoglobulm g^e that will fiinush the human sequences 
for humanizing the non-human immunoglobulin gene of interest. The primers are 

5 constructed so that S* and 3' regions that code within the same CDR region are 
overlapping. An advantage of using overl2^ing PCR to synthesize a nucleic acid 
sequence encoding a humamzed non-human immunoglobulin sequence is in the 
tnixiirnization of restriction digest/ligation reactions and oligonucleotide synthesis 
reactions. The 5' CDR complmentary regions of the PCR primers are 

10 compl^entaiy to the CDR complementary regions of PCR primen that have 3* 
regions compl^entary to adjacent framework regions. As indicated in Figure 2, 
rq>eated rounds of PCR give rise to a nucleic add sequence comprising the parent 
human immunoglobulin sequence in all regions except for the compl^entarity 
determining regions, these regions being derived from the complementary 

IS determining regions of non-human immunoglobulin genes synthesiang an 

immunoglobulin specific for the anti^ of interest However, small portions of 
murine frameworic sequrace (pardculariy the canonical residues described by 
Chothia, et al.) may be required in order to generate an active antigen combining 
site. 

20 Tlie humanized immunoglobulins chains of die subject invention are 

preferably utilized in the form of muM-poIypeptide immunoglobulins conqnising at 
least one humanizi^ immunoglobulin variable r^on functional pair. Inmuhi- 
polypq)tide humanized immuno^bidins comprisihg variable r^^>n functional 
pairs, the variable regions of the functional pair are preferably localized in space 

25 (the pair members are in functional proximity to each oth^) so as to form an 

antigm combining site in which the antigm binding site is, at least in part, formed 
by the hypervariable n^ons of both the fight cbain-dmved and heavy chain- 
d^ved hypervariable r^ions of S20C9 or oitbsr c-erbB-2 specific antibodies. 
However, the H chain variable region oftra contributes more that the L chain 

30 variable region in the interaction widi antigen. 

Single humanized immunoglobulin chains may be joined to each other so as 
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to form multi^Iypq)tide immunogl bulins by a variety of means. Such joining 
means include both ionic interactions and covalent bonds. The means of joining 
individual immunoglobulin chains so as to foirn a mutti-polypq>tide 
immunoglobulin are pmferably, although not necessarily, by means of covalent 
5 linkage. The preferred means of covalent linkage is by means of disulfide bridges 
between cysteine residues located within the humanized immunoglobulin chains of 
interest; however, covalent linkage qiay also be effected through the use of cross- 
linking reagents such as dimethyl-3,3*dithiobi^ropionimidate, N-(4-azidqphrayl) 
phthalamide, and the like. Humanized immunoglobulin chains may be joined so as 

10 to produce multi^polypeptide immunoglobulins molecules structurally analogous to 
antibodies or fragments thereof, including Fab fragmmts. Fab' fragments, F(ab')3 
fragments, Fabc fiagments, Fd finagments, Fr fragments, Fv fragments, single 
chain Fv fragments, and the like. Tlie available literature provides for methods 
for producing antibodies and fragments thereof from polypeptides synthesized by 

IS recombinant DNA and ia vitro synthesis techniques. 

The humanized immunoglobulins of the subject invention may be 
conjugated to a variety of ther^)eutic moieties. By thenq>eutic moiedes it is 
intended a vari^ of compounds or atoms that find use in the treatment or 
detection of disease conditions. Compounds that find use in treating disease 

20 conditions include toxins (or active portions thereof) such as diphtheria toxin, 
ridn, or Psoidomonas exotoxin, enzymes, convradonal dnigs and prodmgs. In 
graieral, the humanized immunoglobulins of the subject invration may be 
derivatized by known method for conjugating then9)Mitic moieties to antibodies so 
as to pnxhice hi^y spedfic drags or imaging agents. Otb^ thoapeutic moieties 

25 of interest for conjugation to the humanized immunoglobulins of the subject 

invention inchide radio-cqaque imaging agents. Therapeutic moieties also include 
radionuclides for use in imaging or in irradiating tissue, such as 
«Cu, "^At, "^b, "^i, and the like. 

Humanized immunoglobulin sequences may be modified by the addition of 

30 a variety of a secretion signal sequences prrferable joined to the amino terminus of 
the humanized immunoglobulin polypq)tide. Secretion signal sequences (also 
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lefmed to as ''signal seqaraces*") serve to provide a signal to the secretion 
''machinery'' of a cell to e^^it polypq>tides bearing such a sequence. The use of 
signal sequences to diiect the cellular loc^lizatidn and/or cxpoxt of polypeptides 
not naturally joined to the signal sequence, i.e., hetmlogous with respect to the 
5 signal sequence, is well known in the field of recombinant grae expression. Thus 
signal sequnces may be used to sunplify the process of purification of the subjects 
polypeptides from recombinant cell e^qiression systrais for several reasons, 
includmg obviating the need to lyse host cdls and the need to produce subcellular 
fractions enriched for the polypeptide of interest Leader sequences ^ically 

10 comprise a charged amino acid at the N-terminus followed by a short hydrophobic 
amino add sequences. Leader sequences may be selected on the basis of die 
cdlular expression system used to synthesize the humanized immunoglobulin 
polypeptide. Signal sequences are preferably selected so as to be removed either 
completely or substantially from the humanized immunoglobulin sequrace of 

] 5 interesL The actual leader sequences onployed will vary in accordance with the 
choice of cellular expression system selected. Although leader sequences are 
known to direct the localization of ptotrins in h^rologdus e?q)ression ^sterns, 
i.e., host cells not naturally producing the protem that is the source of the signal 
sequence, it is preferable to use leader sequences firom polypeptide naturally 

20 repressed in the cellular e^qpression hOsL When expressing humanized 

immunoglobulms in bacterial systetns, a £^A, Le., alkaline phosphatase, signal 
sequence is preferably used for e^qnesdon in p. coli . Other bacterial protein 
signal sequmces of inters incbide those from tiiie raipA and pelB genes. For 
rapression in maitimaliati cells, the use of an immunoglobulin leader sequence is 

'.15 preferred. For esqiression in yeast cells, an al^ha fectoriead^ sequence, among 
others, may be used as a s^nal sequence. 

The humanized immunoglobulins of the subject invention niay or may not 
contain "tag" amino add sequotces. Such "tag" sequences are short ammo add 
sequ^ice, normally no more than 20 amino adds in length, preferable less than 15 

:)0 amino adds in length. 1^ seque^ices may be included in the amino add sequence 
of Ae subject humanized inmnmoglobulins for the purpose of purifying, detecting 
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( r quantifying) the polypeptides of the subject inv»tion by use of antibodies, 
including monoclonal antibodies, (or similar reagents) capable of specifically 
binding to the tag sequrace* Tag sequences without attached inmiunoglobulin 
amino add sequences may be synthesized m vitro using various well-known 
5 techniques, including commercially available polypqitide synthesis machines. The 
ia vitrp synthesized tag sequences may tbra be injected into suitable animals so as 
to induce an immune response directed to the tag sequnce. Antibodies specific 
for a tag sequ^ice of interest may also be prq^ared by inmiunizmg an animal with 
a protein having a primary amino add sequence that includes the tag sequence of 

10 interest. Tag sequences are preferably attached at or near the COOH terminal end 
of immunoglobulin molecules. A tag sequmce of particular interest is a sequoice 
recognized by the KT3 monoclonal antibody. An amino acid sequMce recognized 
by KT3 is TPPPEPET. Another example of a tag sequence that may be inserted 
at the carboxy tenninal (or internally as well) of an immunoglobulin sequence is 

15 the sequence EEEEYMPME. (Giussenmeyer, et al., Proc. Natl. Acad. Sci USA 
82, 7952-54 (1982)). 

The humanized imnmnoglobulins of the subject invention may be expressed 
in cellular hosts after the sequmces ^coding the humanized immunoglobulins 
have been operably joined to expression control sequences. Nucleotide sequmces 

20 for e?q>ression may be conveni^y operably joined to e^qnession control 
sequences by insertion into restriction sites in expression vectors. E)qiression 
vectors may contain expression control sequraces located near useful lestriction 
sites, and are typically replaceable in the host organism either as extra 
chromosomal d^ents, such as plasmids, or as an int^ral part of the host 

25 chromosomal DNA. Expression vectors may contain selectable markers, such as 
antibiotic resistance, to permit <teecdifii of those cells transformed with the 
nucleotide sequences of interest, see for example U.S. Patent No. 4,794,362, 
which is h^dn incorporated by refoCTce. 

The polypeptides of the subject invention may be e3q>ressed in a variety of 

30 cell types. The literature available to those skilled in the art describe numerous 
cellular expression systwns for polypeptides of interest and ejqnession vectors for 
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use in those systems. See for example Methods of Pn Tyy^nj ^ fry Vol. 185, 
Goeddd, Academic Press (1990). Humanized immmioglobulins may be tecovered 
and purified firom lecombinant host cells using conventional techniques for 
lecoveiy and purification of lecombinantly ptoduced proteins. 
5 Nucleotide sequences encoding humanized immunoglobulins may be 

expressed in a variety of cells. Cells for expression may be dther eukaiyotic or 
prokaryotic. Piolcaryotic hosts of interest include Bacillas subtilis , as well as 
other Bacilli, enterobacteiiaceae, such as 1. coli. as well as various Strgptomvces . 
SaTmn^ftllfl, SeiTatia^ and Pseudomonas species. Among piokaiyotic host cells 

10 species, g. £^ is particularly piefi^red because of the great deal available 
literature dealing with expression in B- coli . 

Other microbial organisms, such as yeast, may be used for egression of 
the subject humanized immunoglobulins. Saccharomyce^ cerrevisae is a. preferred 
non-bacterial microbial e3q)ression host. 

IS Other non-mammalian rakaryotic e3q)ression host cells of interest include 

insect cells that may be used with bacculovirus expression systems. 

In addition to the use of microbial, and invertebrate celts, fnaTntnaKan cells 
grown in tissue culture may also be used to produce the polypqyddes of the 
present inveaition. The polypqrtides of the present invention may be pressed in 

2 0 any mammalian cell syst^ that may be used to express immunoglobulin 

polypeptides. Eukaryotic cells are preferred ceUuIar hosts for the e^q^ression of 
subject polypqitides as opposed to non-mammalian cells, because of tiie numerous 
advantages associated with using mammaiign cells, sudi advantages inchide 
suitable signal-sequence processing, glycosylation, secretion machinery and the 

75 prx)duction of fmctioiial fuU-length immunoglobulins. Mammalian cells for use as 
expression hosts, indude CHQ ceQ lines, various COS cell lin^, HeLa cells, 
SP2/0 and the like. 

Host cells for the expression of tfie polypeptides of the presrat invention 
may be genetically manipulated so as to produce one, or more humanized 

^ 0 immunoglobulins. When two humanized immunoglobulin chains are produced by 
the same cell line* it is of interest to produce a first immunoglobulin chain having 
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a humanized variable region thai compiiang ne member of the functioDal pair of 
variable regions ^)ecific for c-eii>B-2 and a second inmiunoglobulin chain 
comprising the other member of the same functional pair of variable regions for c- 
eibB-2. Hius, by producing cells gen^cally manq)ulated so as to express two 
S such humanized inununoglobulins chains, muM-polypeptide immunoglobulins 
comprising a functional c-erbB-2 antigen binding site may be produced either in 
vivo , or in the supematants of cell cultures. 

In addition to the production of humanized immunoglobulins by 
recombinant m^ods, automated equq>ment for the direct synthesis of polypeptides 

10 disclosed herein is commerciaUy available. Such equqimmt provides access to 
pq>tides of the invention, either by direct synthesis or by synthesis of a series of 
fragments that can be coupled using other known techniques. 

The humanized immunoglobulins of the subject invention and 
pharmaceutical compositions thereof are particularly useful for parenteral 

15 administration, e.g., subcutaneously intramusculariy or intravraously. The 

compositions for parenteral administration will typically comprise a solution of the 
humanized immunoglobulin dissolved in a physiologically acceptable carrier, 
preferably an aqueous carrier. A vari^ of aqueous carriers can be used, e.g., 
water, buffered water, physiological saline, 0.3% glycine, and the like. Solutions 

20 for parenteral administration are preferably sterile and generally free of particulate 
matter. Compositions for parenteral administration may be lyophilized for 
convenient storage and rehydrated prior to use. Tliese compositions for parrateral 
administration may be sffirilized by conventional sterilization techniques. The 
compositions may contain phaimaceutically acceptable auxiliary substances as 

25 required to q>proximate physiological conditions such as pH adjusting and 
buffering agents, toxicity adjusting agents and the like, for example sodium 
achate, sodium chloride, potassium chloride, calcium chloride, sodium lactate and 
the like. The concentration of humanized immunc^obuHn in these formulations 
can vary widely, i.e., from less than about 0.5%, but usually at or at least about 

30 1 % to as much as 15% or 20% by wdght and maybe selected primarily based on 
fluid volumes, viscosities.etc., in accordance with the particular mode of 



wo 93/21319 



Per/US93/(>3080 



18 



acbninistration selectecL 

Tlie inv^on having been described, tfaa following examples aie offered 
to iDustiate the subject invention by way of illustration, not by way of limitation. 

^n^p^^ 1 

Overview of Production of Nncleic Acid Sequences E iifpriinp 
HtimaniTed Tfnfnnnog1ph»1tn«: 

In overi^ extension, PCR is peifonned with primers that have 
complementary 5* rads so that products fitom a first round of reactions can be 
mixed, melted, and leannealed to provide a template for the synthesis of longer 
Ip ext^ision products in a second xDund reaction. To humanize the murine antibody 
of interest, primers were designed whose y ends anneal to human frameworks, 
and whose ends either contain cloning sites, or encode murine 520C9 CPR^s. 
A general sdieme for humanizing an antibody is shown in I^gure 2. The first 
round of PCR utilizes DNA template from the selected human parent TSYC 1147- 
1^ 28 or TYSC 11S0*3S and results in four individual fragments, each containing 
dther human FRl, human Flt2, human FR3 or human FR4, flanked by cloning 
sites and/or CDR's. The FR4 fragment is large because it also contains the first 
Cm domairi of the human constant region. Thenextroundof PCR involves 
armealing CDRl arms on first round pnx&icts "A*" and *^*', and results in a longer 
2p fragment. "E", which consists of, in the 5' to 3' direction: a cloning site, human 
FRl, mouse CDRl, humanKZ, and a primer g^erated CDR2 arm. Hie other 
round two reaction armeals mous& CDR3 antis on first round products "C" and 
"D", and produces a firagmiait containing human FR3, FR4 and constant regions. 
Tliis second round product, "F", is flanked at its 5' end by mouse CDR2, and on 
^ the 3' end by another cloning ate. Tlie final round of PCR armeals the 

complementary CDR2 ends in ftagmrats "E*" and "F* and creates Hie complete 
humanized "G" fiagmrat. 

The "G" fragment is placed into an expression vector. Heavy and light 
chain "G" fragmrats und^o sqmate restriction digests for ligation into their own 
3jO pUC vectors and are transformed into E. ^gg h st IXSIOI. Transfonnants are 
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screened for the presence f insert, and DNA from several potential candidates is 
sequenced. Clones with the conea sequrace undergo another round of PCR with 
primers designed for incorporation of a pboA promotor/leader sequence in front of 
the antibody coding sequence (See Hgure 5). Hie PCR product containing phoA- 
5 antibody sequence is digested and cloned into a pBR322 based vector and 

transformed into £. cqU host MM294. Transfonnants are screened, and potential 
candidates axe identified and sequenced. Clones bearing the correct sequence of 
each chain are induced for e3q>ression on the putative humanized immunoglobulin 
and checked for expression by Western analysis. The final coi^truct to produce a 
10 humanized Fab fragment is made by combining the light chain coding sequence 
with the heavy chain coding sequence. This last process involves a PCR step and 
a restriction/ligation step. 

Selection of Human Parent FramewnrV 

15 Human ftameworics, or "parents", were chosen by a "TFASTA* computer 

aligmnent which gen»:ated the ten best fits with human inununoglobulin sequences 
in the searched database. The selection was based on overaU similarity of amino 
acid residues between the human and the original mouse 520C9 sequence. The 
human sequraice database was produced by cloning proximately 100 heavy and 

20 light chains of inununoglobulin genes from EBV transformed human cells, and 
subsequratly sequoicing the cloned genes. In addition, both L and H chain 
variable regions were sequmced from cDNA copied from human perq)heral blood 
cells using primers tbat were designed for PCR amplification of the V rdivions 
into the adjacent constant domain these sequences and compared with the mouse 

25 variable regions that were to be hyporhimerized. 

The chosen human framework must not int^re with the presratation of 
the mouse CDRs to the target antigen. Chothia, a Nature 342:877-883 (1989) 
hypothesized that a small rq)ertoire of "^canonical" conformations of hypervariable 
regions exist and the structure of a given CDR is strongly influenced by a few 

30 amino add residues at key positions. Such canonical residues are found in CDR 
and FR regions. The human frameworks selected for each chain have can nical 
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lesidues similar to that of the mouse antibody. 

Accoiding to the theoiy of Cbothia, ^ iL, the heavy chain canonical 
residues of special impoitance are amino acids #26, 27» 29, 34, 55^ and 94. In 
the mouse 520C9 heavy diain, these residues are, in order, Gly, Tyr, Phe, Met, 

tl Gly, and Aig. In the best fitting human heavy diain patent, TSYC1I47-28, all 
canonical residues match excqit #34, which is an isoleudne instead a 
methionine* No oth^ hunian paimt within die top five selected for overall 
sequrace similanty matched better than TSYC1147-2S. Thus, TSYC1147-2S was 
chosm as the human heavy chain framework parent for grafting with mouse heavy 

li> chamCDR's. 

Light chain canonical residues of special inqxirtance are amino acids #2, 
25, 29^ 33, 48, 64, 71, 90, and if95. In the mouse S20C9 light chain, the residues 
are, in order. He, Ala, He, Leu, Be, Gly, Tyr, Gln^ and Pro. Li the best fitting 
light chain human parent, TSYCIlSO-38, eight of nine residues match. Only 

1: } residue number 71 , wh^ phraylalanine replaces ^rosine, does not match. The 
second best fitting light chain human patent, TSYC11S&08, matches at only six of 
the rune canonical residues. Amino acid #29 is leucine instead of isoleudne; #71 
is phenylalainne instead to tyrosine; and #95 is phenylalanine instead of proline. 
Two himian light chain fiameworks, TSYCIlSD-38, and -OS, were chosen for 

2{t grafting of mouse light chain CDR*s. Humanization of light ch^in has been 
completed with only TSYCIlSO-38 as parent. 

Design of Primers fbr Framework Graftin g bv Ovedanpinf PCR 
The ap&cbsd sequences for heavy and light chain, from humanization of 
25 mouse S20C9 CDR's ^ndtfa human parrat frameworks, is given in figure 1. Eight 
primers for each chain were dedgiied based on the scheme presoited in figure 4. 
Each prim^ contains two regionSy one bearing sequmce which anneals to human 
fiamework, and &e other either containing a cloning site or bearing sequence 
which encodes for a mouse CDR. Half of the primers are upstream (located at the 
20 S' end of the reaction) primers and the other half, downstream located at the 3' 
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end of the reaction) primers. Each PGR reaction requires one upstream (front) 

and one downstream (back) primer. A short explanation of each primer follows 

(The abbreviations HC and LC refer to heavy chain and light chain, respectively): 

CLC17(HC) or CLC24(1jC): (upstream) 

5' end contains cloning sites XhoI fHO or SacI(LC); 
3* end anneals to FRl. 

CLC18(HQ or CLC25(LC):(downstrcam) 
3' end anneals to FRl; 
S' end racodes for CDRL 

CLC19(HQ or CLC26(LC):upstream 
S' end encodes forCDRL 
3* end anneals to FR2. 

CLC20(HC) or CLC27(LC): (downstream) 
3* end anneals to FR2; 
5' end encodes for CDR2. 

CIjC21(HC) or CLC28(LC):(upstream) 
5' end encodes for CDR2; 
3' rad anneals to FR3. 

CLC22(HC) or CLC29(LC):(downstream) 
^0 3' end anneals to FR3; 

S' end encodes for CDR3. 

CIJC23(HC) or CLC30(LC): (upstream) 
S' end encodes for CDR3; 

3; end anneals to FR4, for extension throu^ human constant 

SyP12(HC) or SYC324(LC);(downstrcam) 

3' end anneals to the end of the HC or LC 

constant rpgion. 
5* end contains cloning sites Ss6l(HC) or XteI(LQ 

: 0 Tlie heavy and light chain "G" fragments were digested with restriction 

enzymes in sq)arate reactions and cloned into their own pUC vectors. Ligations 
were then transfbnned into DGlOl host Potratial clones were identified by 
colony PCR or by minipr^ analysis and were sequenced. The correctiy 
humanized heavy chain in pUC was found in clone TCC19-4 



75 region 
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D^ign of Primers for phoA faeoiporarioD 5' to the Humanized Heavy Chain 

Four primers, W to Z, as shown in figure 5, are needed for the overly 

extrasion PCR that incorporates phoA promotor and leader sequ^ices in front of 

immunoglobulin coding sequences. Eadi primer in the figure is discussed below: 

Prim^ W anneals to a portion of the plasmid pSYClOS? ahead of a region 

CTicodin^ for the phoA promoter and leader sequence. The primer can be divided 

into two imrts. One part anneals to pBR sequence, the plasmid backbone, and the 

other anneals to restriction sites which precede phoA sequences in pSYC 1087. 

Ip W: (HCorLC) 

LWOl: 5*-GGGG ATCGAT AAGCTT GGG CTGCAG GTCGAC 
pBR322 sequrace ffinrf"^ PstI 

Primers X and Y together create an ia-fiame junction between the end of 
the phoA leader and the sequrace e^codiag human amino add #1 in the antibody. 
1{5 These primer sets are specific for each antibody. They are often modified to 
encode for amino adds that are missing from the human parent sequences. For 
^cample^ immediately following, i.e. 3' to, the phoA sequences, the primm for 
the humanized 520C9 heavy chain juncdon region encode for the first six human 
consensus amino adds found in lM)at. a al.. Sequences of proteins of 
2p immunological interest Ah ed, TJ S. Pep HHR (TQR7) It is necessary to supply 
these amino adds because the human library was created by primers which start at 
amino add #7 of the heavy chain. 

Yr (HQ 

LW13r r _ I GAG ATC CAA CTG GTG GAG [ TCTGGG CCT GAG 

215 GTG 

LWI4: GGACACTGrmCGG | CTC T AC GIT G AC CAC CTC 1 5' 

Xz (HC> 

end of pro A leader 1st six consenm hnman stait of FRl in 

HC u. from Kabat TSYC 1147-28 

ajO Y: CLQ 

LWI6: 5' —CCT GTG ACA AAA GCC [ GAC ATC CAG ATG ACC CAG 
LW17: GGACACTGTTITCGG [ CTO TAG GTC TAC TGG GTC— 5' 
X: OjC) 

end of phoA leader staxt of FRl in TSYC 1150-38 

is Primer Z is a back primer whose 3' end anneals to. the final nudeotides of 
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the fauxnan heavy or Eght chain con^ant region. Its S' end contains cloning sites: 
either Spel for heavy chain, or Xbal for light chain. 

Z: (HC) 

LW15: G TTG TTC CAC CTG TTC TIT | TGA TCA | CCC C — 5' 
5 end of human heavy chain Spel 

constant xvgion 

Z: (LC) 

LW20: AAG TTG TCC CCT CTC ACA | ATT A | GAG CTC CCT AGG CGG — 5' 
end of human li^ chain STOP Xhol BamHl 

10 constant region 

The products were restriction digested with Hindi n and Spel and were 
cloned into a pBR based vector with an ampiciUin selection marker. Downstream 
from the Spd site, the vector carried the KT3 pq>tide sequence, NHj-TPPPEPFl- 
COOH, in frame with the heavy chain peptide and the g. thurinpiensis crystal 
15 protein transcnptional terminator. Tiansformants in MM294 were scremed for 
inserts, and several clones bearing insert were sequ^iced. LW1S6 contained 
correct phoA promotor and leader sequences and correctly encodes for the 
humanized "520C9-2g*' heavy diain. 

Exam plft S 

20 phoA Incorporation Ahead nf H^npaTiir^ Lipht C^in , 

The wrong tmplate was inadvertently used to create the "G" fragment ( 
**G" as in the Figure 2 sch^e). Tte mistake was not realized until sequencing 
revealed that one of the humanized light diain *'G" ftagmmts for parmt 
TSYCllSO-38 matdied that of the desned fused clone. Instead of starting over and 

25 creating a new "G" fragment using the conea traiplate, the sequoieed matfina^s 
were modified. Ansino add aUgnmoit of sequenced clortes with the fused 
"52009-38" sequence indicated that done "38-18" most resraibles the desired 
sequence. It contained one error at amino add 43 (in framework i^on 2, i.e., 
FR2), changing alanine to threonine and oth^ errors in the constant region. 

30 Ovcdap PGR was p»fonned (see Hgure 6) to create the correctly fused 

light chain sequ^ce by usmg templates which were correct for different regions of 
the variable and the constant region, and at the same time, to incorporate the phoA 
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junction. pSYC1087 was used as the phoA tenq)late. "08-11'' was used as a 
template for FRl, CDRl, and FR2 because it possessed the conect amino acid, 
threonine, at position #43. "38-18" was used as the template for FR2, CDS2, 
FR3, CDS3r and FR4. Anoth^ clone, "38-17" was used as template for the FR4 
and the constant region. Exisdng piimeis w^ used to create pnxluds which 
would anneal to each other in second and third round extensions. Primer W, 
LWOl, and light chain junction primer Y, LW17, were used to amplify 
pSYClOS?. light chain junction piimer X, LW16, and CXC27 amplified "08- 
ir. CLC27 was described earlier and anneals ta l^ and CDI^re^ 
Ip CLC26 and CLC20 amplifittl "38-18". CLC26 anneals to GDRl and FR2, while 
CLC29 anneals to FR4 and patt of the constant region. CLC30, a perfect 
complement to CIjC29, and Z primer LW20 amplified "38-17" to provide the 
correct constant region. 

Ill the second round, PGR products from pSYC1087 and "08-11 " were 
1|5 melted, reaimealed at the phoA-IrRl junction, and extended to create a longer 
fragment that contains conect sequence vp to CDK2. Products from "38-18" and 
"38*17" were melted, leannealed at the CIjC29-20 junction, and extraded to form 
a longer fragment, which contains sequrace from CDRl to the end of tiie constant 
r^on. The lat^ second round fiagmrat carries the incorrea amino acid #43^ 
2|0 alanine, from its parent "38-18'', and is the source of the problem for the final 
extrasion step. Hie two second round products melt and anneal at a large region 
encompassing CDRl, FR2^ and CDK2, and ext^ to potentially form the final 
phoA-humanized lig}it chain prochict. A probl^ occurs because th^ are two 
templates for amino add residue 43, where one mcodes for threonine and th& 
25 other, for alanine. Recanse at least half of the templates for that position are 
incorrect, the same proportion of the final products will also bear that ertoT. 

The PCRprochicts were digested with SosPr and Xhol and were ligated 
into a pBR322 based vector, similar to the one for the heavy chain, but mirms the 
XT3 tag sequence. Transformants m MM294 weite screened by colony PCR and 
^0 by miiqyrep restriction analysis, and potential candidates were sequencedl Clone 
LW206 contains the conea phoA promoter and leader sequence, and correct 
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variable and con^ant region amino acid sequence for humanized "SZOCQ-SS" light 
chain. 

Cpn^Cti9^ pf B^imanized Fah 
5 Plasmid from humanized heavy chain in the phoA expression vector, 

pLW144, was cut with Nsil and Xhol and purified. Separately, a PCR reaction 
was performed, using clone LW206 as traq>late, to add a Nsil site ahead of the 
phoA leader sequrace. Restriction digest of the PCR pnxluct with Nsil and Xhol 
resulted in a fragment of approximately SOObp ready for cloning behind the heavy 
10 chain V gene. ligation and transformation (TIJW170) into MM294 E. host 
resulted in a large number of inseit-beaiing clones. Clones TLW170-1 and 
TLW170-3 were sequenced and confirmed to contain correct phoA, heavy chain, 
the KT3 tag, and light chain sequences. 

Example 7 

15 Purification of ^"mffTOl ^ 520C9 E. Coli Expressed Fab 

One liter of cell cuhiire E. coU strain TLW170-1 was inoculated and 
induced for expression of the plasmid encoded proteins for about 8 hours. 

LpW PhWPtote Indyc^pn: 

A tube or flask containing Hi P medium [High Hio^hate Medium (Hi P): 

20 = Low phosphate medium with 10 mM in KH2PO4 was inoculated with a colony 
of the cells to be induced and grown at 30^C ovemi^t on a shaker. Cells were 
collected by centrifugation and washed 2X in equal volumes of Lo P medium 
[Low Pho^hate Medium (Lo P): IX MOPS, 0.4% glucose, 0.15% vitamin fiee 
casamino adds (LS9), 2 /ig/ml Bl (thiamine), 0.1 mM EH2PO4, antibiotic 

25 (ampicillin, 50-l(X) ftg/iol] and resuq)ended in low phosphate medium (10 

mis/tube). The cells were resusp^ided in the original volume in Lo P medium 
and thra diluted 1:50 into fresh Lo P. The cells were incubated at 30^C for > 6 
hrs to overnight on a shaker. The cells should achieve a final A«oo of 
sqjproximately L 
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Cells were xemoved by cmtrifugation at 10,000 ipm for 30 min. and 
washed once in 50 ml of EBS/NaNj. They were stored at -2^C. 

The pellets were resuspended into PBS/NaN3, one pellet into 25 ml and the 
second pellet 40 ml. The first was refrozen at *20''C and thawed at ST'C a total 
5 of four times incinding the initial thaw. The second pellet, was sonicated four 
times of two minute duration. Both Ae fteeze/thaw and sonicatidn mixtures were 
cratrifiiged at 10,000 ipm for 30 mioutes. 

The following samples were saved for analysis by EEISA: A-cells in 
growth media» B-growth media fiom tfie first centrifiigation, C-first centrifugation 
] 0 peli^ £BS/NiaN3 wa$b, D-freeze/Aaw pellet, E-freeze/thaw supernatant (25 ml), 
F-sonication pellet, and G-sonication supernatant (40 ml). 

An SDS-PAGE nonredudng gel analysis was performed on samples A 
through G. Coomassie Blue staining indicated some Fab in samples A, D, E, F, 
and G. A c-erbB-2 EEISA of fractions A through G indicate activi^ in A, D, £, 
5 F, and G. However, the activity in fraction B was found to be higher than G. 
Similar purification procedures pi^ormed on 520C9 (non-humanized) e^ressed in 
E. oM also found die highest level of anti c^-^bB-2 activity in fraction E. 

To isolate Fab (containing the KT3 tagged H chain), a 2ml affinity column 
of Protein G Sq)harose KT3 was washed with 3 column volumes of 0.1 M 
20 Na2C03, pH 10.5, and then a large vohmie of PBS/NaN}. A sample of each 
supernatant ^0 ml of E and 35 ml of G) were sq>arately passed ovier the same 
column. After the sample loading was comply the column was washed with 10 
ml of FBS/NaNj which was added to the flow-thrtnigh volume. The mat^ial 
bound to the column was ehifed using 10 ml of 0.1 M NajCO}, pH 10.5. The 
25 eluate was immediately neutralized and the protein concratration d^mnined using 
Pi^ce Coomassie reagmt: the sonicated eluted material &om sanqile gave a 
concentration of 28 fig^ml and the fieeze/thaw sample gave 7 fig/ml. SDS-PAGE 
. analysis of the starting material, the flow through, and the eluate, shows there is 
sdll a large amount of the Fab in the flow through of both die freeze/thaw and the 
30 sonicated procedures. 
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Example 8 

Renaturation Studies of Fab Produced in E. Coli 
Renatuiatton of Fab produced in £Qli was successfully peifonned using 
pn>cedures described in Buchner and Rudo^h, Bio/Technology 9:157-162 (1991). 
S Using conditions described as optimal by Buchner and Rudolph humanized S20C9 
Fab (TLW170-1) with binding acdvity to c-eibB-2 has been produced. 
Furthermore, acdvity in the crude extract was c^tained in the absence of 
denaturation/renaturation for two versions of the humanized S20C9 Fab (from 
clones 170-1, 169-1). 

10 Methods 

B. £o!i were grown overnight in 25 mis of HiP medium. The cells were 
harvested by centrifugation (10 minutes, 6,000 rpm in two 15 ml tubes), washed 
once in low phosphate medium. The cells contained in 1 tube (equivalent to 12.5 
mis of the BIP medium) were used to inoculate the low phosphate culture, which 

15 was grown at 30*C for 7 hours. The cells were harvested by centrifugation and 
combined into one 50 nd centrifuge tube. The cells were either frozen at -20^C 
overnight or treated with lysozyme. 

The fre^y collected or thawed cells were resuspended in 50 mis of 0.1 M 
Tris CI, pH 7.8 containing 20 mM EDTA and 0.5 mg lysozyme/ml at room 

20 temperature for 1 hour. The lysed cells were centrifuged at 20,000 rpm for 25 
minutes and the siq)ematant stored frozen until they were assayed. Breakage was 
evidOTt by the gel*like nature of the suspension. The pellets were washed with 50 
mM Tris CI, pH8, containing 20 mM EDTA. Sonication of one batdi was used at 
this stage to break np the pell^ and provide better extraction. 

25 The pellets were resuspended in 50 mM Tris Cl, pH 7.8, containing 1% 

Triton X-100, 0.5 M NaCI, and 20 mM EDTA. The pellets were collected by 
centrifugation and washed twice with 50 mM Tris CI, pH 7.8, containing 20 mM 
EDTA. To the drained pellets were added 0.1 M Tris CI, pH8, containing 6 M 
guanidme HQ, 0.3 M didiiothreitol, and 2 mM EDTA. The suspension was 

30 voitexed occasionally at room temperature for 1 hour aiui the pellet collected by 
centrifugation at 40,000 rpm for 15-20 minutes. The pellet was reextracted with a 
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smaller volume of denatiirant in one experiment. 

The protein concentration was determined by Bradford analysis. SDS- 
PAGE was nm on the samples with and without reduction to deteimine the purity 
and level of expression of Fab. 
5 Renaturatipn was a^eved by diluting the guanidine/DTE solution of Fab 

into O.I M Tds CI, pH 8.2, containing 2 mM EDTA, 0.2 M I^arginine, and 2 
mM oxidized glutathione. The final. dilution of the Fab was 1:100, which 
produces a final concentration of 3 mM DTE in the redox system. The 
renaturation bufFor was brought to U^'C brfore dilution was made. 

; 0 Results and Discussion 

Time Dependence of Renamration of Pell^ F : 

A pellet (F) (see section VI for d^ails), produced from 170-1 humanized 
52QC9 Fab in g. coli was extracted with guanidine and DTE and lenamred as 
described above. The total protein concentration in the iraatuiation buffer was 35 

15 and 18 ngfml. Because the pellet during washing looked as if two layers were 
being separated during centrifiigation, an attempt was made to separate thrai, 
resulting in two factions. SDS-PAGE analysis did not indicate any diffemces 
b^een the two fractions. 

To enable all of the assays to be done at once, dilutions from the 

ZO guanidine/DTE solution of Fab (store at room t^peraiure) were roade at various 
times and lenaturarion started at IVC (lO^C was intended). Dilutions were 
pexfbrmed by adding 100 fd of Fab/guanidine/DTE solution to 10 mis of 
renaturation buffer (which had been stored in the refrigerator). Aft^ 86 hours of 
renaturation, the samples w^ all assayed at the same time. The staggered times 

25 of rmaturation were 86, 74.5, 38.5, 16.5 and 0 hours of rraiaturation. Tlie buffer 
control proc&iced no signal. Activity was detected in all samples. Hie best 
recovery of activity was seen with tfie longest time of renaturation. Because no 
positive control was possible, the ext^ of the recovery of activity could not be 
estimated. 

30 These samplers were assayed again about 3 days later. The activity was 
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again observed, but there was less diiference betwera the sboitest and longest 
times of XCTatuiation. This was expected as all of the molecules reached the 
"plateau" region described by Buchner and Rudo^h. 

These experiments d^onstrate that renamiation of Fab produced in E. coli 
S was possible and that the humanized version of S20C9 refolded and was active. 

Concentration of " Time Dependence". Samples : 

About 6 days after the start of the rraaturation studies, all the samples were 
pooled and concentrated on a stirred ultrafiltration device. The concentrate was 
stored at 4''C, and became cloudy. 

0 Renaturation of Pellet Fr 

Most of the guanidine/DTE solution of pellet F was left after the time 
dependence studies described above. Therefore, the remainder was diluted 1:100 
into renaturation buffer and incubated at 1 PC. ELISA assays revealed activity. 

Renatmation of TLWiyfWy 
5 The cells from 500 mis of medium induced for 7 hours at 30**C were 

treated with lysozyme and the supernatant collected by centrifiigation. The pellet 
was extracted with 4 mis of guanidine/DTE. Because of the presence of DNA, 
the pell^ resembled rubber before extraction. Bradford analysis showed that the 
amber colored 40,000 rpm supernatant contained 3,2 mg of protein/ml. Tlie 

20 protein was diluted into 340 ml ofrenaturation buffer and incubated at IPC. C- 
erfoB-2 binding activity was obsenred by ELISA. 

SDS-PAGE showed that litfle or no 50,000 MW Fab in the pellet was 
extracted by SDS sample buffer that did not contain reducing agent. However, a 
strong band havmg a molecular weight of about 25,000 was obtained when the 

?5 pellet was extracted with SDS in reducing agent. 



Comparison nf T\nm^n\y ^ and Murine Fabs : 

169-1 and 170-1 are two differs versi ns of humanized 520C9 Fab; 46-1 
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is the muxine 520C9 Fab esqnessed in E. cdli . Extxacdon of th& cells obtained 
from 500 mis medium with 1 ml of guanidine/DTE gave total protein 
concentrations (measured by Bradford assay) of 2.78, 3.81, and 5.22 mg/ml, 
respectively. Extraction of tihe imaining pell^ with an additional 0.75 ml of 
guanidine/DTE gave concratrations of 2.72, L92, and 3.32 mg/ml, r^q>ectively. 
The total samples (L75 ml) were dilut^ se^iaxately into 175 mis of renaturation 
buffer and incubated at II^'C. Eifa-binding activity was observed with all three 



Extraction of the pellet with SDS widiout redudng agrat did not solubilize 
Fab produced by 169-1 and 170-1; however, the murine Fab, 46-1, was 
solubilized. All three Fabs were solubHized by SDS containing reducing agent. 



Isolation of Fab! 

The initially rtfolded Fab pellet, TLW 170-1 (which was concratrated to 
about 5 ml), developed some tuffaidi^ after concentration. A one ml sample was 
1^ dialyzed against 20 mM Tris CI, pH 8.3, overnight at 4*C. The sample was 
centrifiiged at 100,000 x g for 30 minutes and the supernatant separated by 
chromatogrq)hy using a Poros strong anion exchange column (0.5 ml fractions 
collected^. When flie sampte was originally concentrated (before the tuibidi^ 
developed), the total pro^ concentration was 240 pg/ml and whwi analyzed by ' 
2|0 nomedudng SDS-PAGE gel the Fab was just barely visible with Coomassie 

staining. By estimating the protein concentration based on the int^i^ of staining 
theyieldofFabwasdetenninedto be aboutSOfig/ml. The oitire sanq>le was 
injected onto the anion exchange cohunn and developed with a NaQ gradient in 20 
mM Tris CI buffer, piB 8.3. Peak tubes were analyzed by SDS-PAGE with silver 
25 stain. A murine Fab goierated by papain digesdon was used to identify the 

rdative chromatographic^^ution time. However, gel analysis failed to show any 
FAb band in any of the peaks. An additional sample, however, showed good 
activity on the SKBr3 TNN plate coat assay. 

Thus, both murine and humanized 520C9 Fabs are activ and can be 
30 rmatnred from guanidine in a redox system. 
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Lai]ge samples of £. fioU; expressing murine S2(K:9 (46-1) have been 
grown at lower temperatmes (23** and 27°C) to increase the amount of soluble 
Fab. A. 10 liter sample was induced and grown at 27**C before the cells were 
collected. The peiq>lasmic space was q)raed to release the soluble, secreted Fab 
5 localized to the pei^lasmic space. This material ccmtained active, soluble Fab, as 
measured by SDS*PAGE and ELISA. The Fab obtained from the peiq)lasmic 
spacQ was concentrated and analyzed before it was passed over a column of 
immobilized c-^ihB-2 extracellular domain. The column was washed and then 
eluted with a high concentration of LiCl (3.5M). From one-tenth of the 
10 "pei^lasmic Fab% about 400 /ig of Fab was recovwed. Fab that was not retained 
by the c-cibB-2 column was not active when assayed by a SDS-PAGE western 
blot. 

Analysis of the murine 520C9 Fab (46-1) recovered from the affinity 
chromatogrq>hy column showed essentially the identical results whra compared to 
15 a proteolytically produced sample of 520C9 Fab in an ELISA assay. Ihercfore, 
it q)pears that the association constant of the recombinant Fab is the same, or 
nearly the same (within experimental CTor), as the Fab made ftom intact 520C9 
antibody produced in ascites cells. 

Example 9 

20 Assays on RecomtijuafU H umanized S20C9 F^ h 

The purpose of these experimmts was to detennine if hiimanirjirf 520C9 
Fab e)q)ressed in £. sqU is capable of binding c-erbB-2. 

Triplicate sets of uninduced and induced B. £oH samples containing 
humanized 520C9 Fab (not refolded) were run on non-reducing SDS PAGE and 

25 western blotted onto a membrane. Two s^ were probed with HRP-monoclonal 
anti-human kappa chain or with HRP-KT3, Le., an antibody specific to die 
oligopeptide and TPPPEPET conjugated to horse radish peroxidase. Athirdset 
was probed with c-erhB-2 ECD-HRP. ECD-HRP is horse radish p^oxidase 
conjugated to an antibody specific for c-erbB-2 (Nu2) ECD, an extracellular 

30 domain (ECD) of c-erhB-2 expressed in a secr^ f rm from baculovirus infected 
SF9 insect cells (the Nu2 construct has die TPPPEPET polypqitide sequence 
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replacing the transmanbrane domain of c^B-S. A number of nonq}ecific bands 
developed in both uninduced and induced lanes. One additional band with near the 
expected .mobility for Fab may have developed only in the induced lanes, but was 
so close to another nonspecific band that it could be seen only as a widening of the 
5 lane. 

Fab fiagmrat generated from non-specific human IgG was bound directly 
to PVC microtiter wells and probed with Zymed~ goat anti-human antibody. 
Some signal was seen, but the ^gnal was weak at the probe dilution used on (he 
humanized Fab samples . 

ID To avoid the uncertainties of using the goat anti-human probe, an ELISA 

was peifbimed using wells coated with SK^Br-3 INN celt extract^ this exttact is a 
source of cell expvssstd c-eibB-2 that does not bear the ET3 tag pq>tide. The 
presence of R coli produced Fab bound to the cell extract was detected with KT3- 
HRP. A reassay of humanized samples wi& this protocol showed activity in 

IS various fractions, with the Ugliest activity in the freeze/thaw supernatant Active 
Fab could not be quantitated in absolute terms for lade of a purified standard. 

Refolded samples containing humanized S20C9 Fab were assayed with the 
SK-Br-S TNN/KT3-HRP ELISA. Samples showed over a ten-fold inci:ease in 
activity that occurred after 86 houis of refolding. 

20 The refolded samples were reassayed with the same EUSA afbr an 

additional tfaiee days refolding time. Some fiiitfier increase in activity was seen, 
but the ELISA curves flattraed; Some sang>les refolded for longer times showed 
less activity; this could have bera caused by proteolytic degradation among other 
causes. Saii^>les from humanized clones 169-1 and 170-1 were active. 

75 Hnmanized S20C9 Fab ficom both dones (169-1 and 17Q-1) is active. 

Refolding can increase activity more tiian 10- fold* 

BiologicalDePosits 

On March 24, 1992, Ai^licants have dqx>sited with the American Type 
Culture CoUection, RockviDe, Md., USA (ATCC) the plasmid pLW187, described 
:S0 herein ATCC accession no. 68942. This d^sit was made under the provisions 
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of the Bndqiest Treaty on die Inteniatioiial Recognition of die Dqwsit of 
Micnxnganisms for the poiposes of patent piocedure and die Regulations 
dmeunder (Budq)est Tieaty). Tins assures maintenance of a viable culture for 30 
years ftom date of dqxisit Hie oiganisms will be made available by ATCC 
5 uttdra-die terms of die Budqiest Treaty, and subject to an agreonoit bmreen 
Applicants and ATCC whidi assures unrestricted availability vpm issuance of die 
pertinent U.S. patent. Availability of die dq)osited strains is not to be construed 
as a license to practice die invention in contravention of die rights granted under 
the authority of any govemmoit in accordance with its patent laws. 

10 Eouivalentis 

All publications and patents mentioned in die above specification are herein 
incqiporated by reference. The foregoing written specification is considered to be 
suffidoit to liable one skilled in die ait to practice die invraition. Indeed, various 
modifications of die above-described modes for canying out die invention which 
15 arc obvious to diosesKIled in die fidd of molecular biology or related fields arc 
intended to be widiin the scope of the following claims. 
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WB CLAIM: 



1. An immunogiobulin comprising, a humanized variable legion, 
wberan said variable region is a member of a functional pair of variable regions 
specific for binding to c-ethB-2. 

2. An immunoglobuUn according to claim 1^ said immunoglobulin 
Amber cQnq)rising, at least a portion of a buman immunoglobulin constant region. 

3. An immunoglobulin according to daim 2, wherein said constant 
region is a complete constant region. 

4* An immunoglolmlin according to claim 2, wherein said humanized 
variable region and said constant region are of the same chain type. 

5. An iinmuno^obulin according to claim 4, wherein said (±ain type is 
heavy chain. 

6. An immunoglobulin according to daim 4, wherein said chain type is 
light chain. 

7. An immunoglobulin molecule according to claim wherein said 
immunoglobulin further comprises in operable combination, a leader sequence. 

8. An immunoglobulin according to daim 2, said immunoglobulin 
furth^ comprising in op^able combination, an oligopeptide tag, wherein said tag 
is joined to said constant region, 

9. A muld-polypepdde immunoglobulin, conq>rising an 
immunoglobulin accordmg to daim 1. 
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10. A multi-polypepdde immunoglobulin according to claim 9, 
comprising in operable combination, 

a) a first immunoglobulin molecule comprising, a first humanized 
variable region, wiierein said variable region is a member of a 
functional pair specific for c-erhB-2, and 

b) a second immunoglobulin molecule comprising, a second humanized 
variable region, wherein said second variable region is a mraiber 
of the same functional pair as said first immunoglobulin variable 
region. 



11. A multi-polypq>tide immunoglobulin according to claim 10, wherein 
said first immunoglobulin molecule further comprises a first constant region, and 
said second immunoglobulin molecule further comprises a second constant region. 

12. A multi-polypqitide immunoglobulin according to claim 11, wherein 
said first constant region of said is a heavy chain constant r^on, and said second 
constant region is a li^ chain constant region. 

13. An immunoglobulin according to claim 12, wherein said first 
variable region and said first constant region belong to the same chain class, 
wherein said second variable region and said second constant region belong to die 
same chain class. 

14. A muM-polypqytide immunoglobulin according to daim 12, said 
aggtegate further conq>rising a therqmitic moiety. 

15. A multi-polypq>tide immunoglobulin according to claim 14, whmin 
said ther^witic moi^ is selected from the group consisting of, torins, 
radionuclides, radioKJpaque imaging compounds, enzymes, drugs, and pro-drugs. 
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16. A niicIeotid& sequence, said nucleotide sequence encoding a first 
humanized vaiiable legion sequoice, wbraein said variable region is a member of 
a functional pair spedfic for c-GtbB^2. 

17. A nucleotide sequence acooiding to claim 16, said sequence further 
comprising at least a i>oition of a hmnan a)nstant rpg^ 

18 . An expression vector, said vector comprising in opmble 
combination, a promote sequrace, opembly joined to a nucleotide sequence 
according to claim 16. 

19. A nucleotide sequence conqmsing a first nucleotide sequence 
according to claim 16, a second nucleotide seqimce according to daim 16, 
wherein when the variable regions oicoded by said nucleotide sequences of form a 
fiincdonal pair specific fi^^ c-eitiB-2. 

20. A tiierq)ratic conqx)sition comprising, an effective amount of a 
muld*poIypeptide inmiunog^bulin according to claini 9. 

21. A cell trmsfbrmed with a vector according to daim 18. 

22. A method of dererring cardnoma cells, said m^od conq)rising the 
step of, administering a conqwund according to claim 1 to a patient. 

23. A method of treating a canc^ patient, said m^od coniprishig the 
stq) of administmng a compound according to daim 1 to ^d patient 
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COMPLETE NUCLEOTIDE SEQUEiNCE OF 
lUMANIZED ANTI-erbB2 520C9 Fab LW218 (H.28;L-38J 
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